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Abst ract
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1. Introduction

G 709 ("Interfaces for the Optical Transport Network (OIN)")

[ G 709-2012] includes new fixed and flexible ODU (Optical channe

Data Unit) containers, includes two types of tributary slots (i.e.
1.25 Ghps and 2.5 Ghps), and supports various nultiplexing
relationships (e.g., ODU nultiplexed into ODUk (j<k)), two different
tributary slots for ODUk (K=1, 2, 3), and the ODUfl ex service type.

In order to advertise this information in routing, this docunent

provi des encodi ng specific to OIN technol ogy for use in GWLS OSPF-TE
as defined in [ RFC4203].

For a short overview of OIN evolution and inplications of OIN

requi renments on GWPLS routing, please refer to [ RFC7062]. The

i nformati on nodel and an eval uati on against the current solution are
provided in [RFC7096]. The reader is supposed to be famliar with
both of these docunents.

Routing infornmation for Optical Channel (QOCh) layer (i.e.
wavel ength) is beyond the scope of this docunent. Please refer to
[ RFC6163] and [ RFC6566] for further information.

1.1. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMMENDED', "MAY", and "OPTIONAL" in this
document are to be interpreted as described in [ RFC2119].

2. OSPF-TE Extensions

In terns of GWLS-based OTN networks, each Optical channel Transport
Unit-k (OTWK) can be viewed as a conponent |ink, and each conponent
link can carry one or nore types of ODUj (j<k).

Each TE-Link State Advertisenent (LSA) can carry a top-level link TLV
with several nested sub-TLVs to describe different attributes of a
TE-Link. Two top-level TLVs are defined in [RFC3630]: (1) The Router
Address TLV (referred to as the Node TLV) and (2) the TE-Link TLV.
One or nore sub-TLVs can be nested into the two top-level TLVs. The
sub-TLV set for the two top-level TLVs are al so defined in [ RFC3630]
and [ RFC4203].

As di scussed in [ RFC7062] and [ RFC7096], OSPF-TE nmust be extended to
be able to advertise the term nati on and Switching Capabilities of
each different ODUj and ODUk/ OTUk (Optical Transport Unit) and the
advertisenent of related nultiplexing capabilities. These
capabilities are carried in the Switching Capability specific
information field of the Interface Switching Capability Descriptor
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(1'SCD) using formats defined in this docunent. As discussed in
[ RFC7062], the use of a technol ogy-specific Switching Capability
specific information field necessitates the definition of a new
Swi tching Capability value and associ ated new Switching Capability.

In the following, we will use ODU to indicate a service type that is
nmul tiplexed into a higher-order (HO ODU, ODUk to indicate a higher-
order ODU including an ODUj, and ODUk/ OTUk to indicate the |ayer
mapped into the OTWk. Mreover, ODU (S) and ODUk(S) are used to

i ndicate the ODUj and ODUk supporting Switching Capability only, and
the ODY ->0DUK format is used to indicate the ODU -i nt o- ODUK

nmul tipl exi ng capability.

This notation can be repeated as needed dependi ng on the nunber of
multiplexing levels. In the following, the term"nultiplexing tree"
is used to identify a multiplexing hierarchy where the root is always
a server ODUk/OTUk and any ot her supported nultiplexed container is
represented with increasing granularity until reaching the |eaf of
the tree. The tree can be structured with nore than one branch if
the server ODUk/ OTUk supports nore than one hierarchy.

For exanple, if a nmultiplexing hierarchy like the follow ng one is
consi der ed:

oDU2 ODUWo ODUf | ex ODUO

\ \
| |
CDU3 CDU2
\ /
\ /
\ /
\ /
CDU4

the ODU4 is the root of the nmuxing tree; ODU3 and ODU2 are containers
directly nmultiplexed into the server; and ODU2 and ODUO are the

| eaves of the ODU3 branch, while ODUfl ex and ODUO are the | eaves of
the ODU2 one. This neans that it is possible to have the foll ow ng
mul ti pl exi ng capabilities:

ODU2- >0DU3- >0DU4
CODUO- >CDU3- >0DW4
ODUf | ex- >0DU2- >0DU4
CODUO- >CDU2- >CDW4
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3. TE-Link Representation

G 709 ODWK/ OTWKk links are represented as TE-Links in GWLS Traffic
Engi neering Topol ogy for supporting ODUj |ayer switching. These TE-
Li nks can be nodeled in nmultiple ways.

OTWk physical link(s) can be nodeled as a TE-Link(s). Figure 1 below
provides an illustration of one-hop OTUk TE-Links.

S + S + S +

| OTN | | OTN | | OTN |

| Switch |<- OTWk Link ->Switch |<- OTWUk Link -> Switch |

A | B | | C |

S . + S . + S . +
| <-- TE-Link -->| | <-- TE-Link -->|

Figure 1. OTUk TE-Links

It is possible to create TE-Links that span nore than one hop by
creating forwardi ng adj acencies (FAs) between non-adjacent nodes (see
Figure 2). As in the one-hop case, nultiple-hop TE-Links advertise
the ODU Switching Capability.

Fomm o - + Fomm o - + Fomm o - +
| OIN | | OIN | | OTN |
| Switch |<- OTWk Link ->Switch |<- OTWk Link -> Switch |
A | B | | C |
Fomm - + Fomm - + Fomm - +

| <ommmmme o ODUK Link -------=----- >|
| <oommmee e TE-Link-=---n-nmmomn- >|

Figure 2: Miltiple-Hop TE-Link
4. | SCD Format Extensions
The |1 SCD describes the Switching Capability of an interface and is
defined in [RFC4203]. This docurment defines a new Switching
Capability value for OIN [ G 709-2012] as foll ows:

Val ue Type

110 OTN- TDM capabl e
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When supporting the extensions defined in this docunent, for both
fixed and flexible ODUs, the Switching Capability and Encodi ng val ues
MUST be used as foll ows:

o0 Switching Capability = OIN-TDM
o Encoding Type = G709 ODUk (Digital Path) as defined in [ RFC4328]

The sane Switching Type and encodi ng val ues nmust be used for both
fixed and flexible ODUs. When Switching Capability and Encodi ng

fields are set to values as stated above, the Interface Switching
Capabi lity Descriptor MJST be interpreted as defined in [ RFC4203].

The MAX LSP Bandwi dth field is used according to [ RFC4203], i.e., O
<= MAX LSP Bandwi dth <= ODUk/ OTUk, and intermnedi ate val ues are those
on the branch of the OIN sw tching hierarchy supported by the
interface. For example, in the OTWM link it could be possible to
have ODU4 as MAX LSP Bandwi dth for some priorities, ODU3 for others,
ODU2 for some others, etc. The bandwidth unit is in bytes/second and
the encoding MUST be in IEEE floating point format. The discrete

val ues for various ODUs are shown in the table bel ow (pl ease note
that there are 1000 bits in a kilobit according to normal practices
in tel ecomunications).

oo oo e e e eeee oo oo +
| ODU Type | ODU nominal bit rate | Val ue in Bytel/ Sec|
| | | (floating p. val)|
o m e e e e e oo o m e e e e e e eemao - o e e e e oo - +
| ODUo | 1, 244,160 kbps | 0x4D1450C0 |
| Oobul | 239/238 x 2,488,320 kbps | 0x4D94F048 |
| obuU2 | 239/237 x 9,953, 280 kbps | 0x4E959129 |
| oDU3 | 239/236 x 39, 813, 120 kbps | 0x4F963367 |
| oD | 239/227 x 99, 532, 800 kbps | 0x504331E3 |
| OoDU2e | 239/237 x 10, 312,500 kbps | Ox4E9AF70A |
| | | |
| ODUflex for CBR | 239/ 238 x client signal | MAX LSP |
| dient signals | bit rate | Bandwi dt h |
| | | |
| ODUfl ex for GFP-F | | MAX LSP |
| Mapped cl i ent | Configured bit rate | Bandwi dt h |
| si gnal | | |
| | | |
| ODUf | ex | Configured bit rate | MAX LSP |
| resi zabl e | | Bandwi dt h |
o ea oo o e e e e eeeaoao- oo +
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A single | SCD MAY be used for the advertisenment of unbundl ed or
bundl ed |inks supporting honogeneous mul tipl exing hierarchies and the
same TS (tributary slot) granularity. A different |1SCD MJUST be used
for each different muxing hierarchy (nuxing tree in the foll ow ng
exanpl es) and different TS granularity supported within the TE-Link

When a received LSA includes a sub-TLV not formatted accordingly to
the precise specifications in this docunent, the problem SHOULD be

| ogged and the wongly formatted sub-TLV MUST NOT be used for path

conput at i on.

4.1. Switching Capability Specific Information

The technol ogy-specific part of the OTN-TDM | SCD may i ncl ude a

vari abl e nunber of sub-TLVs called Bandw dth sub-TLVs. Each sub-TLV
is encoded with the sub-TLV header as defined in [ RFC3630],

Section 2.3.2. The nuxing hierarchy tree MIJST be encoded as an
order-independent list. Two types of Bandw dth sub-TLVs are defined
(TBA by 1ANA). Note that type values are defined in this docunent
and not in [RFC3630].

o Type 1 - Unreserved Bandwi dth for fixed containers

o Type 2 - Unreserved/ MAX LSP Bandwi dth for flexible containers

The Switching Capability specific information (SCSI) MJST include one
Type 1 sub-TLV for each fixed container and one Type 2 sub-TLV for
each variable container. Each container type is identified by a
Signal Type. Signal Type values are defined in [ RFC7139].

Wth respect to ODUfl ex, three different Signal Types are all owed:

0o 20 - ODUlex(CBR) (i.e., 1.25*N Gops)

o 21 - ODUl ex(GFP-F), resizable (i.e., 1.25*N Gbhps)

o 22 - ODU |l ex(GFP-F), non-resizable (i.e., 1.25*N Gops)

where CBR stands for Constant Bit Rate, and GFP-F stands for Generic
Fram ng Procedure - Franed

Each MUST al ways be advertised in separate Type 2 sub-TLVs as each
uses different adaptation functions [G 805]. |In the case that both
GFP-F resi zabl e and non-resizable (i.e., 21 and 22) are supported,
only Signal Type 21 SHALL be advertised as this type also inplies
support for Type 22 adaptation.
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4.1.1. Switching Capability Specific Information for Fixed Containers

The format of the Bandwi dth sub-TLV for fixed containers is depicted
in the follow ng figure:

0 1 2 3
012345678901234567890123456789¢01

R e L i e e i i SR S e e C s

| Type = 1 (Unres-fix) | Length |

B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S
Signal Type | Numof stages |T|S| TSG | Res | Priority
R i ol it I I SR R e e T e i i S e e S S il it (I SRR R

S T S T T S =

| |
+- -+
| St age#1l | c. | St age#N | Paddi ng

+- -+
| Unreserved ODUj at Prio O [

+-

|

+-

B i i T e S ik seTe O I S i S S R S R it dEIE I R SR
Unreserved ODUY at Prio 7 | Unr eserved Paddi ng |
I i i it S R R e e R e e S it I SR e e S T e it S SRR R

Figure 3. Bandw dth Sub-TLV -- Type 1

The val ues of the fields shown in Figure 3 are explained in
Section 4.1.3.
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4.1.2. Switching Capability Specific Information for Variable
Cont ai ners

The format of the Bandwi dth sub-TLV for variable containers is
depicted in the follow ng figure:

0 1 2 3

01234567890123456789012345678901

e T e o i T R e e R rE o oh o
Type = (Unr es/ MAX-var) | Length |

R o ok o S

Si gnal

e

St age#1

+- +- +-
2 nr
i i S il s sl I S S S S S S S S I S S
Type | Num of stages |T|S| TSG| Res | Priority
e i S S o R e i I o S e s i ok T S R S o

|

+
| St age#N | Paddi ng |
e i et I R i e R N i i I S e T ok I T S R T S e

+-
L.

L.

L.

| Unreserved Bandwi dth at priority O

B o S T e e e i i TE I TR T S S S S A e i i el it S B R
|++++++++++++++++++++++++++++++++|+
L.
L.
L.
L.

Unreserved Bandwi dth at priority 7 |
e T e o i e R e e T E ok ok S
MAX LSP Bandwi dth at priority O |
B s o S S e i ol SIE TRIE TRIE R TR TR SR SR S S S ke s S S S S

o e e e e e e b e e e e e e e e e e e e b e e e e e e e e e e
MAX LSP Bandwi dth at priority 7 |
T T e o i S R e e o h ok ok S

Figure 4: Bandw dth Sub-TLV -- Type 2

The val ues of the fields shown in figure 4 are explained in
Section 4.1.3.

4.1.3. Switching Capability Specific Information -- Field Val ues and
Expl anati on

The fields in the Bandw dth sub-TLV MUST be filled as foll ows:

o Signal Type (8 bits): Indicates the ODU type bei ng adverti sed.
Val ues are defined in [RFC7139].

o Num of stages (8 bits): This field indicates the nunber of

mul tipl exi ng stages used to transport the indicated Signal Type.
It MUST be set to the nunber of stages represented in the sub-TLV.
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o Flags (8 bits):

* T Flag (bit 17): Indicates whether the advertised bandw dth can
be term nated. Wen the Signal Type can be terminated T MJST
be set, while when the Signal Type cannot be term nated T MJST
be cl eared.

* S Flag (bit 18): Indicates whether the advertised bandw dth can
be switched. Wen the Signal Type can be switched, S MJST be
set; when the Signal Type cannot be switched, S MUST be
cl ear ed.

* The value 0 in both the T bit and S bit MJST NOT be used.

0o TSG (3 bits): Tributary Slot Granularity. Used for the
advertisenent of the supported tributary slot granularity. The
foll owi ng val ues MJST be used:

* 0 - lgnored

* 1 - 1.25 Gops / 2.5 Gops
* 2 - 2.5 Gops only

* 3 - 1.25 Gops only

* 4-7 - Reserved

A value of 1 MJUST be used on interfaces that are configured to
support the fall back procedures defined in [G 798]. A value of 2
MUST be used on interfaces that only support 2.5 Gbhps tributary
slots, such as [RFC4328] interfaces. A value of 3 MJUST be used on
interfaces that are configured to only support 1.25 Ghps tributary
slots. A value of 0 MIST be used for non-nmultiplexed Signal Types
(i.e., anon-OIN client).

0 Res (3 bits): Reserved bits. MJST be set to 0 and ignored on
receipt.

o Priority (8 bits): A bitmap used to indicate which priorities are
bei ng advertised. The bitmap is in ascending order, with the
| eftmost bit representing priority level 0 (i.e., the highest) and
the rightnost bit representing priority level 7 (i.e., the
lowest). A bit MJIST be set (1) corresponding to each priority
represented in the sub-TLV and MJST NOT be set (0) when the
corresponding priority is not represented. At |east one priority
| evel MJST be advertised that, unless overridden by |ocal policy,
SHALL be at priority level O.
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o Stage (8 bits): Each Stage field indicates a Signal Type in the
nmul tipl exing hierarchy used to transport the signal indicated in
the Signal Type field. The nunber of Stage fields included in a
sub- TLV MJUST equal the value of the Num of stages field. The
Stage fields MJIST be ordered to match the data pl ane in ascending
order (fromthe | owest order ODU to the highest order ODU). The
val ues of the Stage field are the same as those defined for the
Signal Type field. Wen the Numof stages field carries a 0, then
the Stage and Padding fields MUST be omitted.

* Exanpl e: For the ODUl->0DU2->0D3 hierarchy, the Signal Type
field is set to ODUL and two Stage fields are present, the
first indicating ODU2 and the second ODU3 (server |ayer).

o Padding (variable): The Padding field is used to ensure the 32-bit
al i gnment of stage fields. The length of the Padding field is
always a nultiple of 8 bits (1 byte). Its length can be
calcul ated, in bytes, as: 4 - ( "value of Num of stages field" %
4). The Padding field MJST be set to a zero (0) val ue on
transm ssion and MUST be ignored on receipt.

o Unreserved ODUj (16 bits): This field indicates the Unreserved
Bandwi dth at a particular priority level. This field MIST be set
to the nunber of ODUs at the indicated the Signal Type for a
particular priority level. One field MIST be present for each bit
set inthe Priority field, and the fields are ordered to match the
Priority field. Fields MJUST NOT be present for priority levels
that are not indicated in the Priority field.

o Unreserved Padding (16 bits): The Padding field is used to ensure
the 32-bit alignnent of the Unreserved ODUj fields. Wen present,
the Unreserved Padding field is 16 bits (2 bytes) long. Wen the
nunber of priorities is odd, the Unreserved Padding field MJST be
i ncluded. Wen the nunber of priorities is even, the Unreserved
Paddi ng MJUST be omitted.

o Unreserved Bandwidth (32 bits): This field indicates the
Unreserved Bandwi dth at a particular priority level. This field
MUST be set to the bandwi dth, in bytes/second in | EEE fl oating
point format, available at the indicated Signhal Type for a
particular priority level. One field MIST be present for each bit
set inthe Priority field, and the fields are ordered to match the
Priority field. Fields MJUST NOT be present for priority levels
that are not indicated in the Priority field.
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5.

5.

1.

o Maxi num LSP Bandwi dth (32 bits): This field indicates the maxi num
bandwi dth that can be allocated for a single LSP at a particul ar
priority level. This field MJUST be set to the naxi num bandwi dth,
in bytes/second in | EEE floating point format, available to a
single LSP at the indicated Signal Type for a particular priority

level. One field MUST be present for each bit set in the Priority

field, and the fields are ordered to match the Priority field.
Fi el ds MUST NOT be present for priority levels that are not

indicated in the Priority field. The advertisenent of the MAX LSP
Bandwi dt h MUST take into account HO OPUk bit rate tol erance and be

cal cul ated according to the follow ng fornul a:

* ©Max LSP BW= (# available TSs) * (ODTWk.ts nominal bit rate)
(1-HO OPWk bit rate tol erance)

Exanpl es

The exanples in the foll owi ng pages are not normative and are not
i ntended to inply or nandate any specific inplenentation.

MAX LSP Bandwi dth Fields in the | SCD

Thi s exanpl e shows how the MAX LSP Bandwi dth fields of the |1SCD are
filled according to the evolving of the TE-Link bandw dth occupancy.
In this exanple, an OTW link is considered, with supported
priorities 0,2,4,7 and nuxing hierarchy ODUl->0DU2- >0DU3- >0DU4.
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At tinme TO, with the link conmpletely free, the advertisenent woul d
be:

0 1 2 3

012345678901234567890123456789¢01
B T s i I S e i S i i S S e S
| SwCap=OTN_TDM | Encoding = 12 | Reserved (all zeros) |
s S S i I S R R e h T Tk e S S S o T S
| MAX LSP Bandwi dth at priority O = 100 Gops |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| MAX LSP Bandwi dth at priority 1 =0 |
B T s i I S e i S i i S S e S
| MAX LSP Bandwi dth at priority 2 = 100 Gops |
s S S i I S R R e h T Tk e S S S o T S
| MAX LSP Bandwi dth at priority 3 =0 |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| MAX LSP Bandwi dth at priority 4 = 100 Gops |
B T s i I S e i S i i S S e S
| MAX LSP Bandwi dth at priority 5 =0 |
s S S i I S R R e h T Tk e S S S o T S
| MAX LSP Bandwi dth at priority 6 =0 |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| MAX LSP Bandwi dth at priority 7 = 100 Gops |
B T s i I S e i S i i S S e S
| Swi tching Capability Specific Information |
| (vari abl e | ength) |
R Rt i i i i e T I I S S S R i e S R e e i s o

Figure 5: MAX LSP Bandwi dth Fields in the 1SCD at TO
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At tinme T1l, an ODU3 at priority 2 is set up, so for priority 0, the
MAX LSP Bandwidth is still equal to the ODU4 bandwi dth, while for
priorities from2 to 7 (excluding the non-supported ones), the MAX
LSP Bandwidth is equal to ODU3, as no nore ODU4s are avail abl e and
the next supported ODUy in the hierarchy is ODU3. The advertisenent
is updated as follows:

0 1 2 3
012345678901234567890123456789¢01

B ik T T e S S i i L S S e s ik I NI R _H S R R S I R i S
| SwCap=OTN_TDM | Encoding = 12 | Reserved (all zeros) |
R ol N N N R R e T N i i NI R R R NI R R R R ik s S R i i et N
| MAX LSP Bandwi dth at priority O = 100 Gbps |
s i T e S s it ST T e e S e S e o o o I T
| MAX LSP Bandwi dth at priority 1 =0 |
B T T i R R el i T S I R S e S T e ik ST I S S e S I S
| MAX LSP Bandwi dth at priority 2 = 40 Gops |
T R i i o SEIE HIE S RIS R S I R S R R e e R R I i I i e e i i
| MAX LSP Bandwi dth at priority 3 =0 |
s i T e S s it ST T e e S e S e o o o I T
| MAX LSP Bandwi dth at priority 4 = 40 Gops |
B T T i R R el i T S I R S e S T e ik ST I S S e S I S
| MAX LSP Bandwi dth at priority 5 =0 |
R ol N N N R R e T N i i NI R R R NI R R R R ik s S R i i et N
| MAX LSP Bandwi dth at priority 6 =0 |
s i T e S s it ST T e e S e S e o o o I T
| MAX LSP Bandwi dth at priority 7 = 40 Gops |
B ik T T e S S i i L S S e s ik I NI R _H S R R S I R i S
| Swi tching Capability Specific Informtion |
| (variabl e | ength) |
s S S o T i i S S i (i

Figure 6: MAX LSP Bandwi dth Fields in the ISCD at T1
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At tine T2, an ODU2 at priority 4 is set up. The first ODU3 has not
been avail able since T1 as it was kept by the ODU3 LSP, while the
second is no longer available and just 3 ODU2s are left init. ODU2
is now the MAX LSP Bandwi dth for priorities higher than 4. The
advertisenent is updated as foll ows:

0 1 2 3
01234567890123456789012345678901
T T R i e e e e o S e SRR R
| SwCap=OTN_TDM | Encoding = 12 | Reserved (all zeros) |
B s i S i I i S S S i i
| MAX LSP Bandwi dth at priority O = 100 Gbps |
e s S i e S e R S  E  th £ S R SR S S
| MAX LSP Bandwi dth at priority 1 =0 |
e ok R ol I S e R e e e it it SR R R R S
| MAX LSP Bandwi dth at priority 2 = 40 Gops |
B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| MAX LSP Bandwi dth at priority 3 =0 |
e i S i e e b £ i R SR S S
| MAX LSP Bandwi dth at priority 4 = 10 Gops |
e  E C kSR ol o S e R S S e it it SR SR R R S
| MAX LSP Bandwi dth at priority 5 =0 |
B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| MAX LSP Bandwi dth at priority 6 = 0 |
e i S i e e b £ i R SR S S
| MAX LSP Bandwi dth at priority 7 = 10 Gops |
e  E C kSR ol o S e R S S e it it SR SR R R S
| Swi tching Capability Specific Information |
| (variabl e | ength) |
B T s i I S e i S i i S S e S

Figure 7: MAX LSP Bandwi dth Fields in the | SCD at T2
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5.2. Exanple of T, S, and TS Granularity Utilization

In this exanple, an interface with tributary slot type 1.25 CGbhps and
fall back procedure enabled is considered (TS granularity=1). It
supports the sinple ODUl->0DU2->0DU3 hierarchy and priorities 0 and
3. Suppose that in this interface, the ODU3 Signal Type can be both
switched or terminated, the ODU2 can only be terninated, and the ODUl
can only be switched. Please note that since the ODUl is not being
advertised to support ODUO, the value of its TSG field is "ignored"
(TS granularity=0). For the advertisenent of the capabilities of
such an interface, a single 1SCDis used. |Its format is as follows:

0 1 2 3
012345678901234567890123456789¢01

T T R i e e e e o S e SRR R
| Type = 1 (Unres-fix) | Length = 12

B s i S i I i S S S i i
| Sig type=ODUL | #stages= 2 |0]1] O |0 O 0]1/0/0]1|0]0|O0]O0|
i s T i L b i R E
| Stage#1=0DU2 | Stage#2=0DU3 | Paddi ng (all zeros)

T e L e e T o e T ik i Tl TR R e
| Unres ODU1 at Prio O | Unres ODUl1 at Prio 3 |
B s i S i I i S S S i i
| Type = 1 (Unres-fix) | Length = 12
i c i T S T i i e i S S NI S
| Sig type=ODU2 | #stages=1 [1]0] 1 |0 O 0] 1] 0]0]1]0]|0]0]O0|
T e L i e T S e ko o e SR R R
| Stage#1=0DU3 | Paddi ng (all zeros)

B s i S i I i S S S i i
| Unres ODU2 at Prio O | Unres ODU2 at Prio 3 |
e s S i e S S S  h k. i R SR S
| Type = 1 (Unres-fix) | Length = 8
R Lk e e S e e s ok S I R R R
| Sig type=ODU3 | #stages= 0 [1]1] 1 |0 O 0] 1] 0]0]1]0|0]O0]O0|
B s i S i I i S S S i i
| Unres ODU3 at Prio O | Unres ODU3 at Prio 3 |
e s S i e S S S  h k. i R SR S

Figure 8 T, S, and TS Granularity Utilization
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5.2.1. Exanple of Different TS Granularities

In this exanple, two interfaces with honogeneous hierarchies but
different tributary slot types are considered. The first one
supports an [RFC4328] interface (TS granularity=2) while the second
one supports a G 709-2012 interface with fall back procedure disabl ed
(TS granularity=3). Both support the ODUL->0DU2->0DU3 hi erarchy and
priorities O and 3. Suppose that in this interface, the ODU3 Signal
Type can be both switched or term nated, the ODU2 can only be

term nated, and the ODUl can only be switched. For the advertisenent
of the capabilities of such interfaces, two different |1SCDs are used.
The format of their SCSIs is as follows:

SCSI of 1SCD 1 -- TS granularity=2

0 1 2 3
01234567890123456789012345678901
Rk o T T e e e R i i R S S S ks T S S S e e e o
| Type = (Unres-fix) | Length = 12 |
s i T e S s it ST T e e S e S e o o o I T
| Sig type=0DUL #st ages= 2 [0]1] O |0 O 0] 1] 0]0]1]0]|0]0]O0]|
B T i T i S T T S i i S S S
| Stage#1=0DU2 | Stage#2=0DU3 | Paddi ng (all zeros) |
B T s i I S e i S i i S S e S
Unres ODUl1 at Prio O | Unres ODUlL at Prio 3 |
B N e i i T R et o s S
Type = 1 (Unres-fix) | Length = 12 |
B e i s o ST S o S i S S S i aTuits SIS S R S S
Sig type=ODU2 | #stages=1 |1]0] 1 |0 O 0] 1| 0]0]1]0|0]O0]O0|
B T i S ks a ai  E
St age#1=0DU3 | Paddi ng (all zeros) |

+-
1
+-
|
+-

T T i S e i s st oI S e S e S il Tt S S R S S e S
Unres ODU2 at Prio O | Unres ODU2 at Prio 3 |
T i T e T sl et i e S S S I S S S T
Type = 1 (Unres-fix) | Length = 8 |

B s ok I S o e s ol I EIE R R R e S et I S S S S il ik i T B
Sig type=ODU3 | #stages= 0 [1]1] 2 |0 O 0] 1]0]0]1]0|0]O0]O0|
T T i S e i s st oI S e S e S il Tt S S R S S e S
Unres ODU3 at Prio O | Unres ODU3 at Prio 3 |

|
+
|
+
|
+
|
+
|
+
|
+
|
+-
|

T S S T T S S e T T S S S S A

Figure 9: Uilization of Different TS Granularities -- 1SCD 1
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SCSlI of I1SCD 2 -- TS granularity=3

0 1 2 3

01234567890123456789012345678901
B T T S I e g i e
(Unres-fix) | Length = 12 |
B T T S e i I S e ik i o I eI e
| Sig type=0DUL #st ages= 2 [0]1] O |O O 0]1]0]0]1]0]|0]0]0|
+- +- +
|

—
<
o

D

+II+

+
1
+
++++++++|++-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-
| Stage#1=0DU2 | Stage#2=0DU3 | Paddi ng (all zeros)

B s i S i I i S S S i i
| Unres ODUL at Prio O | Unres ODUL at Prio 3 |
e s S i e S S S  h k. i R SR S
| Type = 1 (Unres-fix) | Length = 12 |
R Lk e e S e e s ok S I R R R
| Sig type=ODU2 | #stages=1 |1]0] 1 |0 O 0] 1] 0]0]1]0|0]O0]O0]|
B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| Stage#1=0DU3 | Paddi ng (all zeros) |
e s o i e S T S e i S S N N
| Unres ODU2 at Prio O | Unres ODU2 at Prio 3 |
Lk R e T e i i i SEI TR R
| Type = 1 (Unres-fix) | Length = 8 |
B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| Sig type=ODU3 | #stages= 0 |1]1] 3 |0 O 0] 1]0/0]1|0]0|0]O0|
i s T i L b i R E
| Unres ODU3 at Prio O | Unres ODU3 at Prio 3 |
Lk R e T e i i i SEI TR R

Figure 10: Uilization of Different TS Granularities -- 1SCD 2

Hi erarchies with the sane nuxing tree but with different exported TS
granul arity MJST be considered as non- honmbgenous hierarchies. This
is the case in which an HLSP and the client LSP are terninated on
the sane egress node. What can happen is that a | oose Explicit Route
nject (ERO is used at the hop where the signaled LSP is nested into
the H erarchical -LSP (HLSP) (penultinate hop of the LSP).

In the following figure, node C receives a | oose ERO fromA;, the ERO
goes towards node E, and node C rmust choose between the ODU2 H LSP on
ifl or the one on if2. 1In this case, the HLSP on ifl exports a
TS=1.25 Cbhps, and the HLSP on if2 exports a TS=2.5 Cbps; because the
service LSP being signaled needs a 1.25 Gops tributary slot, only the
HLSP on ifl1 can be used to reach node E. For further details,

pl ease see Section 3.2 of [RFC7096].
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ODUO- LSP

.......................................................... +

| |

| OobU2- H- LSP |

| o e e e e e e e e e e oo oo +

| o |
+-- - -+ S e + S e + if1l S e + S e +
| | OTus | | OTus | |- | ERREEREEE | |
| A +------ + B +------ + C | if2 | D | | E
| | | | | ERREEREE | R | |
Fomm - + Fomm - + Fomm - + Fomm - + Fomm - +

Service LSP

ol HLSP

Figure 11: Exanple of Service LSP and H LSP Termi nating
on the Same Node

5.3. Exanple of ODUfl ex Adverti senent

In this exanple, the advertisement of an ODUf |l ex->0DU3 hierarchy is
shown. In the case of ODUfl ex advertisenent, the MAX LSP Bandw dth
needs to be advertised, and in sonme cases, information about the
Unreserved Bandwi dth could al so be useful. The amount of Unreserved
Bandwi dt h does not give a clear indication of how many ODUfl ex LSPs
can be set up either at the MAX LSP Bandwi dth or at different rates,
as it gives no information about the spatial allocation of the free
TSs.

An indication of the amount of Unreserved Bandw dth coul d be usefu
during the path conmputation process, as shown in the follow ng
exanpl e. Suppose there are two TE-Links (A and B) with MAX LSP
Bandwi dt h equal to 10 Gbps each. 1In the case where 50 Gbhps of
Unreserved Bandwi dth are available on Link A 10 Gbps on Link B, and
3 ODUfl ex LSPs of 10 Gohps each have to be restored, for sure only one
can be restored along Link B, and it is probable, but not certain
that two of themcan be restored along Link A, The T, S, and TSG
fields are not relevant to this exanple (filled with Xs).

In the case of ODUfl ex advertisenent, the Type 2 Bandwi dth sub-TLV is
used.
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0 1 2 3

01234567890123456789012345678901
T T R i e e e e o S e SRR R
| Type = 2 (Unres/ MAX-var) | Length = 72 |
B s i S i I i S S S i i
| S. type=0DUfl ex| #stages=1 | X X] X X X0 0 O] Priority(8) |
e o o i e S T Sl ek Sk e N e
| Stage#1=0DU3 | Paddi ng (all zeros) |
e e ok s e T e i S e e e
| Unreserved Bandwi dth at priority O |
B s i S i I i S S S i i
| Unreserved Bandwi dth at priority 1 |
i s S i e S e R i s sk ik NS R SR
| Unreserved Bandwi dth at priority 2 |
Lk R e T e i i R R s
| Unreserved Bandwi dth at priority 3 |
B s i S i I i S S S i i
| Unreserved Bandwi dth at priority 4 |
i s S i e S e R i s sk ik NS R SR
| Unreserved Bandwi dth at priority 5 |
Lk R e T e i i R R s
| Unreserved Bandwi dth at priority 6 |
B s i S i I i S S S i i
| Unreserved Bandwi dth at priority 7 |
i s S i e S e R i s sk ik NS R SR
| MAX LSP Bandwidth at priority O |
Lk R e T e i i R R s
| MAX LSP Bandwidth at priority 1 |
B s i S i I i S S S i i
| MAX LSP Bandwi dth at priority 2 |
i s S i e S e R i s sk ik NS R SR
| MAX LSP Bandwidth at priority 3 |
Lk R e T e i i R R s
| MAX LSP Bandwi dth at priority 4 |
B s i S i I i S S S i i
| MAX LSP Bandwi dth at priority 5 |
i s S i e S e R i s sk ik NS R SR
| MAX LSP Bandwidth at priority 6 |
Lk R e T e i i R R s
| MAX LSP Bandwidth at priority 7 |
B s i S i I i S S S i i

Figure 12: ODUfl ex Adverti senent
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5.4. Exanple of Single-Stage Mixing

Suppose there is 1 OTW conponent |ink supporting single-stage nuxing
of ODU1, ODU2, ODU3, and ODUfl ex, the supported hierarchy can be
summarized in a tree as in the followng figure. For the sake of
sinmplicity, we also assune that only priorities 0 and 3 are
supported. The T, S, and TSG fields are not relevant to this exanple
(filled with Xs).

ODUl ODU2 CODU3 ODUf I ex
\ \ / /
\ \ /
\ \/ /
OoDU4

The related SCSIs are as fol |l ows:

0 1 2 3
01234567890123456789012345678901
s S S i I S R R e h T Tk e S S S o T S
| Type = 1 (Unres-fix) | Length = 8 |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Sig type=ODU4 | #stages= 0 | X X| X X X0 0 0] 1] 0] 0] 1| 0] 0] 0] 0|
B T s i I S e i S i i S S e S
| Unres ODU4 at Prio 0 =1 | Unres ODU4 at Prio 3 =1 |
s S S i I S R R e h T Tk e S S S o T S
| Type = 1 (Unres-fix) | Length = 12 |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Sig type=ODUL | #stages=1 | X X| X X X0 0 0] 1] 0] 0] 1| 0] 0] 0] 0|
B T s i I S e i S i i S S e S
| Stage#1=0DU4 | Paddi ng (all zeros) |
s S S i I S R R e h T Tk e S S S o T S
Unres ODUl1 at Prio 0 =40 | Unres ODUl1 at Prio 3 =40 |
T i T e T sl et i e S S S I S S S T
Type = 1 (Unres-fix) | Length = 12 |
B s ok I S o e s ol I EIE R R R e S et I S S S S il ik i T B
Sig type=ODU2 | #stages=1 | X| X X X X0 0 0] 1| 0] 0] 1| 0| 0] 0] Of
T T i S e i s st oI S e S e S il Tt S S R S S e S
St age#1=CDU4 | Paddi ng (all zeros) |
T i T e T sl et i e S S S I S S S T
Unres ODU2 at Prio 0 =10 | Unres ODU2 at Prio 3 =10 |
B s ok I S o e s ol I EIE R R R e S et I S S S S il ik i T B
Type = 1 (Unres-fix) | Length = 12 |
T T i S e i s st oI S e S e S il Tt S S R S S e S
Sig type=ODU3 | #stages=1 | X X X X X0 0 0] 1| 0] 0] 1| 0| 0] O] O]
B e i s o ST S o S i S S S i aTuits SIS S R S S
St age#1=CDU4 | Paddi ng (all zeros) |

|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
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i T S s i i T i e e N N e
Unres ODU3 at Prio 0 =2 | Unres ODU3 at Prio 3 =2 |
i T o e e s S e e o S e
Type = 2 (Unres/ MAX-var) | Length = 24 |
i o i T S i I S S s ol ST SN S
S. type=0DUfl ex| #stages=1 | X X| X X X0 O 0| 1|0/ 0] 1| 0] 0| O] 0|
i T S e i S S i S R S e
St age#1=CDU4 | Paddi ng (all zeros) |
e o T o e i s i o i R i i NI T
Unreserved Bandwi dth at priority 0 =100 Gops |

i o i T S i I S S s ol ST SN S
Unreserved Bandwi dth at priority 3 =100 Gbps |

i T S s o i i I e i S
MAX LSP Bandwi dth at priority 0 =100 Gops |

B o o e e et T T e S e N o h
MAX LSP Bandwi dth at priority 3 =100 Gops |

i o i T S i I S S s ol ST SN S

e St Sl S S S S S

Figure 13: Single-Stage Mixing
5.5. Exanple of Milti-Stage Mixi ng -- Unbundl ed Link

Suppose there is 1 OTU4 component |ink with muxing capabilities as
shown in the follow ng figure:

\ \
| |
CDU3 CDU2
\ /
\ /
\ /
\ /
CDU4

Consi dering only supported priorities 0 and 3, the advertisenent is
conposed by the follow ng Bandwi dth sub-TLVs (T and S fields are not
relevant to this exanple and filled with Xs):
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0 1 2 3
01234567890123456789012345678901
T T R i e e e e o S e SRR R

Type = 1 (Unres-fix) | Length = 8
R ks T S R S S S
g type=0ODU4 |

i S i i SIS S S S S S

+- - - -+
S #stages= 0 [ XX 1 ]0 0 0]1]0]/0]1]0]0]0
e T e R S R e e sk ol T S S S i S i T e NI S
o3

+

1
+—'+

| |
+ +
| Y
+- +
| Unres ODU4 at Prio 0 =1 | Unres ODU4 at Pri =1 |
Lk R e T e i i i SEI TR R
| Type = 1 (Unres-fix) | Length = 12 |
B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| Sig type=ODU3 | #stages=1 | X|X] 1 |0 O 0]1]0]0|1|0]0]O0]|O0]|
i s T i L b i R E
| Stage#1=0DU4 | Paddi ng (all zeros) |
T e L e s e S e kS S SR R R S
| Unres ODU3 at Prio 0 =2 | Unres ODU3 at Prio 3 =2

B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| Type = 1 (Unres-fix) | Length = 12 |
i c i T S T i i e i S S NI S
| Sig type=ODU2 | #stages=1 | XIX] 1 |0 O 0]1]0]0]10]0]0]O0]
T e L i e T S e ko o e SR R R
| Stage#1=0DU4 | Paddi ng (all zeros) |
B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| Unres ODU2 at Prio 0 =10 | Unres ODU2 at Prio 3 =10 |
e s S i e S S S  h k. i R SR S
| Type = 1 (Unres-fix) | Length = 12 |
R Lk e e S e e s ok S I R R R
| Sig type=ODU2 | #stages= 2 | XIX] O |0 O 0]1]0|0]10]0]O0]O0]
B s i S i I i S S S i i
| Stage#1=0DU3 | Stage#2=0DU4 | Paddi ng (all zeros) |
e i o e e S o S I R SR
| Unres ODU2 at Prio O =8 | Unres ODU2 at Prio 3 =8
Lk R e T e i i i SEI TR R
| Type = 1 (Unres-fix) | Length = 12 |
B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| Sig type=ODU0 | #stages= 2 | X X] O |0 O 0]1]0]0|1|0]0]O0]|O0]|
i s T i L b i R E
| Stage#1=0DU3 | Stage#2=0DU4 | Paddi ng (all zeros) |
T L e e T S T i i S SE N R
| Unres ODUO at Prio O =64 | Unres ODUO at Prio 3 =64

B o S T e e e i i TE I TR T S S S S A e i i el it S B R
| Type = 1 (Unres-fix) | Length = 12 |
i c i T S T i i e i S S NI S
| Sig type=ODUO | #stages= 2 | XIX] O |0 O 0]1]0]|0]10]0]0]O0]
T e L i e T S e ko o e SR R R
| Stage#1=0DU2 | Stage#2=0DU4 | Paddi ng (all zeros) |
B s i S i I i S S S i i
| Unres ODUO at Prio O =80 | Unres ODU0 at Prio 3 =80
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+

+

+

T T o i T T R e T S S  EE CEC st o S o

| Type = 2 (Unres/ MAX-var) | Length = 24

i e T ot o i e T

| S.type=0DUf | ex | #stages= 2 | XXl O |0 O 0]1 0]0]1]0|0]O0]O0]|

B i i S S i S i i S I T il S g S Y
|

| Stage#1=0DU2 St age#2=0DW4 | Paddi ng (all zeros)

e

| Unreserved Bandwi dth at priority 0 =100 Gbps

T T T S S i S S e it S SIS S DU S

Unreserved Bandwi dth at priority 3 =100 Gops

T S i o S S S S S S S S T Sl S S e S S i

MAX LSP Bandwi dth at priority 0 =10 Gbhps

MAX LSP Bandwi dth at priority 3 =10 Gbhps

+-
T o S o S
+-

T S S s S S S S S i i S S

Figure 14: Multi-Stage Mixing -- Unbundl ed Link
5.6. Exanple of Milti-Stage Miuxi ng -- Bundl ed Links
In this exanple, 2 OTU4 conponent |inks with the same supported

granul arity and hompbgeneous nuxi ng hi erarchi es are consi dered.
foll owi ng muxing capabilities trees are supported:

Conponent Li nk#1 Conponent Li nk#2
OoDU2 ODUo OoDU2 ODUo
\ \
| |
obuU3 obuU3
| |
oD oD

+

+

+

+

+

TS
The
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Consi dering only supported priorities 0 and 3, the advertisenment is
as follows (the T, S, and TSG fields are not relevant to this exanple
and filled with Xs):

0 1 2 3
01234567890123456789012345678901
e B T S e i s i i S S
Unres-fix) | Length = 8 |
e R s T T e e i S S i R R SR S s
| Sig type=CDUA4 #stages= 0 | X X X X X0 0 0] 1| 0] 0] 1] 0| 0] O] O
B s i S i I i S S S i i
Unres ODU4 at Prio 0 =2 | Unres ODUW4 at Prio 3 =2 |
i T S s i i i i e e i NN S
Type = 1 (Unres-fix) | Length = 12 |
i S o e i i S S S e e o o ok o o
Sig type=ODU3 | #stages=1 | X X X X X0 0 0] 1| 0] 0] 1| 0| 0] O] O
i o i T S i I S S s ol ST SN S
St age#1=0DWU4 | Paddi ng (all zeros) |

R

= ]_(

e
|

T T e L i i T S i S S S S i -
Unres ODU3 at Prio 0 =4 | Unres ODU3 at Prio 3 =4 |
T o e o i S R e e T o o o
Type = 1 (Unres-fix) | Length = 12 |

B i T S T T i I i i S I e
Sig type=ODU2 | #stages= 2 | X] X X X X]0 0 0] 1] 0] 0] 1| O] 0] 0] O|
B T T i i s S i i S e h ki N
St age#1=0DU3 | Stage#2=0CDU4 | Paddi ng (all zeros) |
e Tk o o e e e s i i R e kI N N S
Unres ODU2 at Prio 0 =16 | Unres ODU2 at Prio 3 =16 |
i o i T S i I S S s ol ST SN S
Type = 1 (Unres-fix) | Length = 12 |

i T S s i i i e e i S SN
Sig type=ODUO0 | #stages= 2 | X X X X X0 0 0] 1| 0] 0] 1] 0| 0] 0] O
T T e L e e i o S e b i I SRR
St age#1=0DU3 | Stage#2=CDU4 | Paddi ng (all zeros) |
B i T S T T i I i i S I e
Unres ODU0 at Prio O =128 | Unres ODUWO at Prio 3 =128 |

|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
N S

Figure 15: Milti-Stage Muxing -- Bundl ed Links

Ceccarelli, et al. St andards Track [ Page 26]



RFC 7138 OSPF- TE Ext ensi ons for OIN Support March 2014

5.7. Exanple of Component Links wi th Non-Honbgeneous Hi erarchies

In this exanple, 2 OTU4 conponent |inks with the same supported TS
granul arity and non- hombgeneous muxi ng hi erarchi es are consi dered.
The foll owi ng nuxing capabilities trees are supported:

Conponent Li nk#1 Conponent Li nk#2
obuU2 ObUo obul ObUo
\ \
| |
obu3 o2
| |
o4 o4
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Consi dering only supported priorities 0 and 3, the advertisenment uses
two different |1SCDs, one for each hierarchy (the T, S, and TSG fields
are not relevant to this exanmple and filled with Xs). In the

followi ng figure, the SCSI of each ISCD is shown:

SCSI of I1SCD 1 -- Conponent Link#1

0 1 2 3
01234567890123456789012345678901
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Type = 1 (Unres-fix) | Length = 8 |
B T s i I S e i S i i S S e S
| Sig type=CDU4 | #stages= 0 | X| X X X X0 0 0] 1| 0] 0] 1| 0| 0] 0] O
s S S i I S R R e h T Tk e S S S o T S
Unres ODU4 at Prio 0 =1 | Unres ODU4 at Prio 3 =1 |
B e i s o ST S o S i S S S i aTuits SIS S R S S
Type = 1 (Unres-fix) | Length = 12 |
B T i S ks a ai  E
Sig type=ODU3 | #stages=1 | X| X X X X0 0 0] 1| 0] 0] 1| 0| 0] 0] O
B N e i i T R et o s S
St age#1=CDU4 | Paddi ng (all zeros) |
B e i s o ST S o S i S S S i aTuits SIS S R S S
Unres ODU3 at Prio 0 =2 | Unres ODU3 at Prio 3 =2 |
B T i S ks a ai  E
Type = 1 (Unres-fix) | Length = 12 |
B N e i i T R et o s S
Sig type=ODU2 | #stages= 2 | X X] X X X0 0 0] 1| 0] 0] 1| 0| 0] O] O]
B e i s o ST S o S i S S S i aTuits SIS S R S S
St age#1=0DU3 | Stage#2=CDU4 | Paddi ng (all zeros) |
B T i S ks a ai  E
Unres ODU2 at Prio O =8 | Unres ODU2 at Prio 3 =8 |
B N e i i T R et o s S
Type = 1 (Unres-fix) | Length = 12 |
B e i s o ST S o S i S S S i aTuits SIS S R S S
Sig type=ODU0 | #stages= 2 | X X| X X X0 0 0] 1|0/ 0] 1| 0] 0] 0] 0|
B T i S ks a ai  E
St age#1=0DU3 | Stage#2=CDU4 | Paddi ng (all zeros) |
B N e i i T R et o s S
Unres ODUO at Prio O =64 | Unres ODUO at Prio 3 =64 |

|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
+
|
S T S S T o S S S e R i S S S e S S

Figure 16: Muilti-Stage Mixing -- Non-Honbgeneous Hierarchies --
| SCD 1
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SCSlI of 1SCD 2 -- Conponent Link#2

0 1 2 3
01234567890123456789012345678901
B s i S i I i S S S i i

| Type = 1 (Unres-fix) | Length = 8
e S T A S S SR S i SN i
| Sig type=ODU4 | #stages= 0 | X X X X X0 0 0] 1| 0] 0] 1] 0| 0] 0] O
i s S S S i e S S e R T h ok
| Unres ODU4 at Prio 0 =1 | Unres ODU4 at Prio 3 =1
B s i S i I i S S S i i
| Type = 1 (Unres-fix) | Length = 12
e S T A S S SR S i SN i
| Sig type=ODU2 | #stages=1 | X X X X X0 0 0] 1| 0] 0] 1] 0| 0] O] O
i s S S S i e S S e R T h ok
| Stage#1=0DWU4 | Paddi ng (all zeros)

B s i S i I i S S S i i
| Unres ODU2 at Prio 0 =10 | Unres ODU2 at Prio 3 =10
i L S i I S i I S S i
| Type = 1 (Unres-fix) | Length = 12
I S T R i I S S S S e ok
| Sig type=0ODU1 | #stages= 2 | X X] X X X0 0 0] 1| 0] 0] 1| 0| 0] O] O
B s i S i I i S S S i i
| Stage#1=0DU2 | Stage#2=0DW4 | Paddi ng (all zeros)
T S T Sl S S i I SR S S i S S i
| Unres ODUl at Prio 0 =40 | Unres ODUl at Prio 3 =40
I I T S i i it S S S it S
| Type = 1 (Unres-fix) | Length = 12

B s i S i I i S S S i i
| Sig type=ODU0 | #stages= 2 | X X| X X X0 0 0| 1|0/ 0] 1| 0] 0| O] 0|
I i I S s i S DR S S S it e i
| Stage#1=0DU2 | Stage#2=0DU4 | Paddi ng (all zeros) |
i I s i i i S Sk i
| Unres ODUO at Prio 0 =80 | Unres ODUO at Prio 3 =80
B s i S i I i S S S i i

Figure 17: Multi-Stage Mixing -- Non-Honbgeneous Hierarchies --
| SCD 2

6. OSPFv2 Scalability

Thi s docunent does not introduce OSPF scalability issues with respect
to existing GWLS encodi ng and does not require any nodification to
floodi ng frequency. Mreover, the design of the encodi ng has been
carried out taking into account bandw dth optim zation, in
particul ar:
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0 Only unreserved and MAX LSP Bandwi dth related to supported
priorities are adverti sed.

o For fixed containers, only the nunber of available containers is
advertised instead of the avail able bandwidth in order to use only
16 bits per container instead of 32 (as per fornmer GWLS
encodi ng) .

In order to further reduce the anmpbunt of data advertised it is
RECOMVENDED t o bundl e component |inks with honmogeneous hierarchies as
described in [RFC4201] and illustrated in Section 5.6.

7. Compatibility

Al inplementations of this docunent MAY al so support adverti senent
as defined in [ RFC4203]. Wen nodes support both the adverti sement
met hod in [ RFC4203] and the one in this docunent, inplenentations
MUST support the configuration of which adverti senent nethod is
followed. The choice of which is used is based on policy and beyond
the scope of this document. This enables nodes follow ng each nethod
to identify simlar supporting nodes and compute paths using only the
appropriate nodes.

8. Security Considerations

Thi s docunent extends [ RFC4203]. As with [RFC4203], it specifies the
contents of Opaque LSAs in OSPFv2. As Opaque LSAs are not used for
Shortest Path First (SPF) conputation or normal routing, the

ext ensi ons specified here have no direct effect on IP routing.
Tanpering with GWLS TE LSAs may have an effect on the underlying
transport (optical and/or Synchronous Optical Network - Synchronous
Digital H erarchy (SONET-SDH) network. [RFC3630] notes that the
security mechani snms described in [ RFC2328] apply to Opaque LSAs
carried in OSPFv2. An analysis of the security of OSPF is provided
in [ RFC6863] and applies to the extensions to OSPF as described in
this docunent. Any new nechani sns devel oped to protect the

transm ssion of information carried in Opaque LSAs will also
automatically protect the extensions defined in this docunent.

Pl ease refer to [ RFC5920] for details on security threats; defensive

techni ques; nonitoring, detection, and reporting of security attacks;
and requirenents.
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9. | ANA Consi derations
9.1. Switching Types

| ANA has made the follow ng assignnent in the "Sw tching Types”
section of the "Generalized Miulti-Protocol Label Switching (GVWLS)
Signaling Paraneters" registry |ocated at

<http://ww. i ana. or g/ assi gnment s/ gnpl s-si g- par anet er s>:

Val ue Nane Ref er ence

110 OTN- TDM capabl e [ RFC7138]

The sane type of nodification has been applied to the | ANA-GWLS- TC
M B at <https://ww.iana. org/assi gnments/ianagnpl stc-mni b> where the

val ue:
OTN-TDM (110), -- Tine-Division-Miltiplex O'N-TDM capabl e
has been added to the | ANAGpl sSwit chi ngTypeTC :: = TEXTUAL- CONVENTI ON

syntax |ist.
9.2. New Sub-TLVs

Thi s docunent defines 2 new sub-TLVs that are carried in Interface
Swi tching Capability Descriptors [ RFC4203] with the Signal Type OTN
TDM  Each sub-TLV includes a 16-bit type identifier (the T-field).
The sane T-field values are applicable to the new sub-TLV.

| ANA has created and will maintain a new sub-registry, the "Types for
sub- TLVs of OIN-TDM SCSI (Switching Capability Specific Information)"
regi stry under the "Open Shortest Path First (OSPF) Traffic

Engi neering TLVsS" registry, see
<http://ww.iana. org/assi gnments/ospf-traffic-eng-tlvs> wth the
sub-TLV types as foll ows:

Val ue Sub- TLV Ref erence

0 Reser ved [ RFC7138]

1 Unr eserved Bandwi dth for [ RFC7138]
fixed containers

2 Unr eserved/ MAX Bandwi dth for [RFC7138]
fl exi bl e containers

3-65535 Unassi gned

Types are to be assigned via Standards Action as defined in
[ RFC5226] .

Ceccarelli, et al. St andards Track [ Page 31]



RFC 7138 OSPF- TE Ext ensi ons for OIN Support

10.

Contri butors

Di ego Caviglia

Eri csson

Via E. Melen, 77

Genova

Italy

EMai | : di ego. caviglia@ricsson. com
Dan Li

Huawei Technol ogi es

Banti an, Longgang District
Shenzhen 518129

P. R China

EMai | : danl i @wuawei . com

Pietro Vittorio G andi
Al cat el - Lucent
Via Trento, 30

Vi nercat e
Italy
EMail: pietro_vittorio.grandi @l catel-1ucent.com

Khuzema Pi t hewan

I nfinera Corporation

140 Caspi an CT.

Sunnyval e, CA

USA

EMai | : kpithewan@ nfi nera. com

Xi aobing zZ
Huawei Technol ogi es
EMai | : zi xi aobi ng@uawei . com

Francesco Fondel |

Eri csson

EMai | : francesco.fondel |i @ricsson. com
Marco Cors

EMai | : corsi.marco@mail .com

Eve Varnma

Al cat el - Lucent

EMai | : eve.varma@l catel -1 ucent. com

Jonat han Sadl er

Tel | abs
EMai | : jonathan. sadl er@el | abs. com
Ceccarelli, et al. St andards Track

March 2014

[ Page 32]



RFC 7138 OSPF- TE Ext ensi ons for OIN Support March 2014
Lyndon Ong
Ci ena
EMai | : | yong@i ena. com

11.

12.

12.

Ashok Kunj i dhapat ham
EMai | : akunj i dhapat ham@ nfi nera. com

Sni gdho Bar dal ai
EMai | : sbardal ai @nfinera.com

Steve Balls

EMai | : Steve. Bal | s@®taswi tch. com

Jonat han Har dwi ck
EMai | : Jonat han. Har dwi ck@ret aswi t ch. com

Xi hua Fu

EMai | : fu.xi hua@te.comcn

Cyril Margaria
EMai | : cyril.margari a@sn.com

Mal col m Betts

EMai | : Mal col m betts@te.comcn

Acknowl edgenent s

The authors would like to thank Fred Gruman and Lou Berger for their
val uabl e conments and suggesti ons.

Ref er ences

1. Nornmtive References

[ G 709- 2012]

[ RFC2119]

[ RFC3630]

[ RFC4201]

Ceccarel li,

ITUT, "Interface for the optical transport network",
Recomendati on G 709/Y. 1331, February 2012.

Bradner, S., "Key words for use in RFCs to Indicate
Requi renment Level s", BCP 14, RFC 2119, March 1997.

Katz, D., Kompella, K, and D. Yeung, "Traffic
Engi neering (TE) Extensions to OSPF Version 2", RFC
3630, Septemnber 2003.

Konpel la, K, Rekhter, Y., and L. Berger, "Link Bundling
in MPLS Traffic Engineering (TE)", RFC 4201, October
2005.

et al. St andards Track [ Page 33]



RFC 7138

12.

Ceccarel li,

[ RFC4203]

[ RFC4328]

2. Informati

[ G 798]

[ G 805]

[ RFC2328]

[ RFC5226]

[ RFC5920]

[ RFC6163]

[ RFCB566]

[ RFC6863]

[ RFC7062]

OSPF- TE Ext ensi ons for OIN Support March 2014

Konpel la, K. and Y. Rekhter, "OSPF Extensions in Support
of CGeneralized Multi-Protocol Label Switching (GWLS)",
RFC 4203, Cctober 2005.

Papadi mitriou, D., "Ceneralized Milti-Protocol Label
Swi tching (GVWPLS) Signaling Extensions for G 709 Opti cal
Transport Networks Control", RFC 4328, January 2006.

ve References

| TUT, "Characteristics of optical transport network
hi erarchy equi pnent functional bl ocks", Recomrendation
G 798, Decenber 2012.

| TU-T, "Generic functional architecture of transport
net wor ks", Reconmendation G 805, March 2000.

Moy, J., "OSPF Version 2", STD 54, RFC 2328, April 1998.

Narten, T. and H Al vestrand, "Cuidelines for Witing an
| ANA Consi derations Section in RFCs", BCP 26, RFC 5226,
May 2008.

Fang, L., "Security Framework for MPLS and GWPLS
Net wor ks", RFC 5920, July 2010.

Lee, Y., Bernstein, G, and W |mgjuku, "Franmework for
GWLS and Pat h Conputation El enent (PCE) Control of
Wavel ength Switched Optical Networks (WSONs)", RFC 6163,
April 2011.

Lee, Y., Bernstein, G, Li, D, and G Martinelli, "A
Framework for the Control of Wavel ength Switched Opti cal
Net wor ks (WBONs) with | npairnents”, RFC 6566, March
2012.

Hartman, S. and D. Zhang, "Analysis of OSPF Security
According to the Keying and Authentication for Routing
Protocol s (KARP) Design Guide", RFC 6863, March 2013.

Zhang, F., Li, D., Li, H, Belotti, S., and D.
Ceccarelli, "Framework for GWLS and PCE Control of
G 709 Optical Transport Networks", RFC 7062, Novenber
2013.

et al. St andards Track [ Page 34]



RFC 7138

[ RFC7096]

[ RFC7139]

Ceccarel li,

OSPF- TE Ext ensi ons for OIN Support March 2014

Belotti, S., Gandi, P., Ceccarelli, D., Ed., Caviglia,
D., and F. Zhang, "Evaluation of Existing GWLS Encodi ng
agai nst G 709v3 Optical Transport Networks (OINs)", RFC
7096, January 2014.

Zhang, F., Ed., Zhang, G, Belotti, S., Ceccarelli, D.,
and K. Pithewan, "QGWPLS Signaling Extensions for
Control of Evolving G 709 Optical Transport Networks",
RFC 7139, March 2014.

et al. St andards Track [ Page 35]



RFC 7138 OSPF- TE Ext ensi ons for OIN Support March 2014

Aut hors’ Addr esses

Dani el e Ceccarelli (editor)
Eri csson

Via E. Melen 77

Cenova - Erzell

Italy
EMai | : dani el e.ceccarel i @ricsson.com
Fat ai Zhang

Huawei Technol ogi es

F3-5-B R&D Center, Huawei Base
Banti an, Longgang District
Shenzhen 518129

P.R China

Phone: +86-755-28972912
EMai | : zhangf at ai @wuawei . com

Sergio Belotti
Al cat el - Lucent
Via Trento, 30
Vi nercat e
Italy

EMai | : sergio.belotti @l catel -1ucent.com
Raj an Rao

I nfinera Corporation

140, Caspian CT.

Sunnyval e, CA-94089

USA

EMai |l : rrao@nfinera.com

John E. Drake

Juni per

EMai | : jdrake@ uni per. net

Ceccarelli, et al. St andards Track [ Page 36]






